We present a detailed 2D study of the ionized ISM of IZw18 using new PMAS-IFU optical observations. IZw18 is a high-ionization galaxy which is among the most metal-poor starbursts in the local Universe. This makes IZw18 a local benchmark for understanding the properties most closely resembling those prevailing at distant starbursts. Our IFU-aperture (∼ 1.4 × 1.4 kpc 2 ) samples the entire IZw18 main body and an extended region of its ionized gas. Maps of relevant emission lines and emission line ratios show that higher-excitation gas is preferentially located close to the NW knot and thereabouts. We detect a Wolf-Rayet feature near the NW knot. We derive spatially resolved and integrated physical-chemical properties for the ionized gas in IZw18. We find no dependence between the metallicity-indicator R 23 [OIII]. More than 70% of the higher-T e [OIII] ( 22000 K) spaxels are HeIIλ4686-emitting spaxels too. From a statistical analysis, we study the presence of variations in the ISM physical-chemical properties. A galaxy-wide homogeneity, across hundreds of parsecs, is seen in O/H. Based on spaxel-by-spaxel measurements, the error-weighted mean of 12 + log(O/H) = 7.11 ± 0.01 is taken as the representative O/H for IZw18. Aperture effects on the derivation of O/H are discussed. Using our IFU data we obtain, for the first time, the IZw18 integrated spectrum.
INTRODUCTION
HII galaxies typically have low masses and blue optical colours, and are the most metal deficient starbursts (sites with intense massive star-formation) in the local Universe (e.g., Hunter & Hoffman 1999; Kunth &Östlin 2000; Westera et al. 2004; Kehrig et al. 2006; Izotov, Thuan, & Guseva 2012) . The optical spectra of HII galaxies are dominated by strong nebular emission-lines formed via the ionization of the gas caused by hot massive stars (e.g., Kehrig, Telles, Based on observations collected at the Centro Astronómico Hispano Alemán (CAHA) at Calar Alto, operated jointly by the Max-Planck-Institut für Astronomie and the Instituto de Astrofísica de Andalucía (CSIC).
† E-mail:kehrig@iaa.es Cairós et al. 2009a Cairós et al. , 2010 Pérez-Montero et al. 2010; Vaduvescu et al. 2014) . The cosmological relevance of local metal-poor starburst galaxies has been underscored by the existence of high-redshift starbursts and of the expected primitive galaxies (e.g., Heckman et al. 1998; Schaerer 2003) . The latter are supposed to host massive population III stars (PopIII-stars). Such stars are believed to be the first generation of stars in the Universe and their energetic UV-light could have contributed to the reionization of the Universe (e.g., Tumlinson & Shull 2000; Bromm 2013 ). Investigating low metallicity HII galaxies in the local Universe can therefore impact our understanding of distant galaxies and galaxy evolution. The nearby HII galaxy IZw18 is one of the best analogues of primeval galaxies accessible to detailed study (e.g., Papaderos & Ostlin 2012; Lebouteiller et al. 2013 ). This galaxy keeps attractarXiv:1604.08555v1 [astro-ph.GA] 28 Apr 2016 ing attention since its discovery (Zwicky 1966 ) mainly because of its extremely low metallicity (Z ∼ 1/40 solar metallicity 1 ; e.g., Searle & Sargent 1972; Kunth & Sargent 1986; Pagel et al. 1992; Vílchez & Iglesias-Páramo 1998; Izotov & Thuan 1999) . IZw18 also shows very blue colours and is rather dust deficient (e.g., van Zee et al. 1998; Fisher et al. 2014) . Optical CCD images of IZw18 have revealed a very complex structure with the presence of shells, loops and filaments of ionized gas illustrating the effects of powerful stellar winds in the IZw18's main body and towards its extended gaseous halo (e.g., Davidson, Kinman, & Friedman 1989; Hunter & Thronson 1995; Cannon et al. 2002) . Several studies of the ionized interstellar medium (ISM) in IZw18 have already been performed, though, despite the complex morphology of the ISM, all these works are mostly based on single-aperture/long-slit spectroscopy of the central star-forming (SF) knots of IZw18. (e.g., Lequeux et al. 1979; Garnett et al. 1997; Izotov & Thuan 1999; Thuan & Izotov 2005; O'Halloran, Madden, & Abel 2008) .
The importance of integral field spectroscopy (IFS), in comparison to single-aperture/long-slit spectroscopy, for improving our understanding of the warm ISM conditions in different systems has been demonstrated in the literature (e.g., Kehrig et al. 2008; Cairós et al. 2009b; James et al. 2010; Monreal-Ibero et al. 2011; Pérez-Montero et al. 2013; Papaderos et al. 2013) . A detailed bidimensional spectroscopic study of IZw18, because of its extremely low metal content and high-ionization gas, is relevant to shed light on the ISM properties from galaxies in the intermediate/high-z Universe. In Kehrig et al. (2015) , we derive the total Heii-ionizing photon flux in IZw18 and find that peculiar very hot stars, similar to PopIII-stars, are needed to explain the observed nebular Heii emission. As far as we know, here we present the first study based on IFS to investigate the spatially resolved physical-chemical properties (e.g., electron temperature, gaseous metal abundances, excitation) and the spatial correlations that may hold for the warm ISM in IZw18. Our integral field unit (IFU) data reveal the spatially resolved ionization structure for the ionized gas of IZw18, which provide useful boundary conditions for photoionization models at the lowest metallicity regime (e.g., Melekh et al. 2015) . Moreover, taking advantage of the IFU data, we derive the integrated physical-chemical characteristics for selected regions, including the IZw18 integrated spectrum, that can be helpful to interpret highz emission-line galaxies. We also discuss the significance of the observed spatial variations of electron temperatures and the oxygen abundance in terms of the observed spatially resolved ionization structure. This can impose constraints on the models for metal dispersal and mixing in HII galaxies, and on the chemical evolution models for conditions close to the ones that prevailed in the primordial Universe (e.g., Recchi et al. 2004; Yin, Matteucci, & Vladilo 2011; Recchi & Hensler 2013) .
General properties of IZw18 are presented in Table 1 . In Fig. 1 , we show a three-colour composite image of IZw18 from the Hubble Space Telescope/WFPC2. In this image we can see the two main SF regions of IZw18, usually referred to as the northwest (NW) and southeast (SE) components; they are separated by an angular distance of ∼ 6 arcsec, and dominate in brightness.
The paper is organized as follows. In Section 2, we report observations and data reduction. Flux measurements and emission line intensity maps are presented in Section 3. In Sections 4 and 5, we show the 2D view of the ionization structure and nebular proper- Schlegel et al. (1998) ties, respectively. Section 6 discusses the spatial variation of chemical abundances and physical conditions over our IFU-aperture. In Section 7, we present the integrated properties from selected regions of IZw18. Finally, Section 8 summarizes the main conclusions derived from this work.
OBSERVATIONS AND DATA REDUCTION
IZw18 was observed in 2012 December, with the IFU Potsdam Multi-Aperture Spectrophotometer (PMAS; Roth et al. 2005 Roth et al. , 2010 , attached to the 3.5 m telescope at the Calar Alto Observatory. A grating with 500 grooves per mm was used during the observing night; this provides a spectral range from ∼ 3640 to 7200 Å with a linear dispersion ∼ 2 Å/pixel and an effective spectral resolution of ∼ 3.6 Å. The observations were performed using the PMAS lens array mode for which the field-of-view (FOV) is formed by 256 fibres. Each fibre has a spatial sampling of 1" × 1" on the sky resulting in a FOV of 16" × 16" (∼ 1.4 kpc × 1.4 kpc at the distance of 18.2 Mpc) (see Fig. 1 ).
We observed a total of 2.5 hours on the galaxy, with the integration time split into six exposures of 1500 s each; sky frames were taken moving the IFU away from the target position in order to provide the sky background emission to be subtracted from the target spectra. All science frames were observed at airmasses ∼ 1.1 to minimize the effects due to differential atmospheric refraction. Additionally, all necessary calibration frames (exposures of arc lamps and of continuum lamps) were obtained. Observations of the spectrophotometric standard star Feige 34 were obtained throughout the observing night to flux calibrate the data.
The data reduction was performed following the procedure described in Kehrig et al. (2013) . We have reduced the IFU data using the P3d (Sandin et al. 2010) and IRAF 2 software. We checked the accuracy of the wavelength calibration by measuring the central wavelength of the [Oi]λ5577 Å sky line in all fibres and found a standard deviation of ∼ 0.30 Å.
FLUX MEASUREMENTS AND EMISSION LINE INTENSITY MAPS
In this work we measure emission line fluxes with the SPLOT routine in IRAF, by integrating all the line flux between two points given by the position of a local continuum. The continuum level is estimated by visually placing the graphics cursor at both sides of each line. This process was repeated several times for each emission line by varying the continuum position. We take the mean and the standard deviation of the repeated measurements as the final flux of each line and its associated uncertainty, respectively. The relative errors in the line intensities are typically [Oiii] λ5007 emission line, we can see that its peak intensity in the NW knot is slightly larger than that in the SE knot. In the case of the [Oiii]λ4363, Hβ and Hα maps, the ratio between the peak intensities from the NW knot and those from the SE knot is ∼ 1.3-1.5, with the highest ratio found for the [Oiii]λ4363 map.
The reddening coefficient corresponding to each spaxel, c(Hβ), was computed from the ratio of the measured-to-theoretical Hα/Hβ assuming the reddening law of Cardelli et al. (1989) , and case B recombination with electron temperature T e = 2×10 4 K and electron density n e = 100 cm −3 which give an intrinsic value of Hα/Hβ= 2.75 (Osterbrock & Ferland 2006) .
Typical values of the absorption Hβ equivalent width, EW(Hβ) abs , found for line-emitting SF galaxies are in the range ∼ 0-2 Å (e.g., McCall, Rybski, & Shields 1985; Cairós et al. 2009b; ). Considering the high values for EWs of Balmer emission lines measured from our data [e.g., EW(Hβ) ∼ 40-500 Å], the effect of the underlying stellar population in these lines appears not to be important. If we adopted an EW(Hβ) abs ∼ 2 Å, the underlying absorption correction would be typically small, less than 5% in Hβ.
SPATIALLY RESOLVED IONIZATION STRUCTURE
Maps of some of the relevant line ratios which are indicators of the ionization structure for ionized gaseous nebulae are displayed in Fig. 3 . These line ratios are corrected for reddening using the corresponding c(Hβ) for each spaxel.
The spatial distribution of the abundance indicator R 23 =([Oii]λ3727+[Oiii]λλ4959,5007)/Hβ, first introduced by Pagel et al. (1979) and afterwards calibrated by several authors (e.g., McCall, Rybski, & Shields 1985; McGaugh 1991) , is found to be relatively flat without any significant peak (see the map of R 23 in Fig. 3 ). However, the commonly-used ionization parameter diagnostic Diaz et al. (1987) give another example where a large range of excitation is seen whereas the metallicity indicator R 23 remains substantially constant (see also Pérez-Montero et al. 2011 ). In Section 6 we will discuss the observed variations of R 23 and [Oiii]/[Oii] from a statistical point of view.
In the maps shown in Fig. 3 λ6584/Hα correspond to the areas of ionized gas with relatively high excitation. By inspecting these maps, there is a clear tendency for the gas excitation to be higher at the location of the NW knot and thereabouts, in comparison to the SE component. Here we should also note that Kehrig et al. (2015) found the NW component to be very close to the nebular HeIIλ4686-emitting region The spaxels with no measurements available are left grey. All maps are presented in logarithmic scale. As a guide to the reader, the peak of Hα emission is marked with a plus (+) sign on all maps. The cross on the Hα map marks the spaxel where we detect the WR feature (see Section 4). The Hα map also shows the boundaries of the areas that we use to create the integrated spectra of the NW and SE knots, and of the "plume" region (see text for details). North is up and east to the left.
(see Fig. 2 from Kehrig et al. 2015) . All this indicates the presence of a harder ionizing field in the NW knot of IZw18. We will discuss more about it in Section 5. Another feature of the ionization structure in IZw18 is the existence of a relatively high-excitation diffuse gas outside of the main SF knots indicated by an extended low surface brightness emission in the maps of [Oiii]λ5007/Hβ.
The standard diagnostic diagrams (Baldwin, Phillips, & Terlevich 1981 , hereafter BPT) are a powerful tool, widely used to identify the dominant mechanism of gas excitation, i.e. either photoionization by massive stars within HII regions or other ionizing sources, including photoionization by AGNs, post-AGB stars and shocks (e.g., Kehrig Table 3 ) are overplotted on the BPT diagrams. For all positions in IZw18 our emission-line ratios fall in the general locus of SF objects according to the spectral classification scheme proposed by Kewley et al. (2001) and Kauffmann et al. (2003) , as indicated in Fig. 5 . This suggests that photoionization from hot massive stars is the dominant excitation mechanism within IZw18.
Regarding the massive stellar content of IZw18, previous optical long-slit spectroscopy detected Wolf-Rayet (WR) features (most commonly a broad feature centred at ∼ 4680 Å or "blue . Open circles correspond to individual spaxels from the datacube. Overplotted as blue, red, and green squares are the line ratios measured from the 1D spectra of the NW knot, SE knot and "plume", respectively; the cyan triangle shows the line ratio values from the total integrated spectrum of IZw18; the black circle corresponds to the line ratios from the spectrum of the "halo" of IZw18 (see Section 7 and Table 3 for details on the 1D-spectra extracted for selected galaxy regions).
bump") in the NW region (e.g., Legrand et al. 1997; Izotov et al. 1997) . However the uncertainty on the exact location of the slits has prevented these works to give the WR star's position more precisely. Our data set show indications of a weak WR blue bump around ∼ 4650-4730 Å in one spaxel (see Fig. 6 ), which lies in the NW knot; more specifically it is found to be ∼ 1.5 (∼ 130 pc at the distance of IZw18) southeast of the Hα peak (see the Hα flux map in Fig. 2) . We cannot discard the presence of even fainter WR features at other locations across our FOV which might not be detected due to the signal-to-noise ratio of our spectra. The observation of WRs in very metal-deficient objects, like IZw18, keeps challenging current stellar evolutionary models for single massive stars, which do not predict any WRs in metal-poor environments (e.g., Leitherer et al. 2014) . Further investigation on formation channels for such metal-poor WRs is needed but is beyond the scope of this work (see e.g., Crowther 2007, and references therein).
A 2D VIEW OF THE PHYSICAL-CHEMICAL PROPERTIES FOR THE IONIZED GAS
In order to derive the physical properties and ionic abundances of the ionized gas for IZw18, we have used the expressions given by Pérez-Montero (2014) which are obtained from the code PYNEB (Luridiana, Morisset & Shaw 2014) . We have calculated the final errors in the derived quantities by error propagation and taking into account errors in flux measurements. For more than 80% of the spectra where we measure the [Sii]λ6717/λ6731 line ratio, the derived n e values are 300 cm −3 , which place most of spaxel spectra in the low-density regime.
For the [Oiii] λ4363-emitting spaxels, we have derived the T e values of [Oiii] using the [Oiii]λ4363/[Oiii]λ4959,5007 line ratio, corrected for extinction. We were able to measure the faint auroral line [Oiii]λ4363 above the 3σ detection limit for 44 spaxels. These spaxels cover a projected area of nearly 42 arcsec 2 equivalent to 0.32 kpc 2 , including the NW knot and a portion of the SE component (see the map of [Oiii]λ4363 in Fig. 2) . The left panel of Fig. 7 displays the distribution of the [Oiii] electron temperature which shows values going from near 15,000 K to 22,000 K; here The symbols are as described in Fig. 4 . Overplotted as a black solid curve (in all three panels) is the theoretical maximum starburst model from Kewley et al. (2001) , devised to isolate objects whose emission line ratios can be accounted for by the photoionization by massive stars (below and to the left of the curve) from those where some other source of ionization is required. The black-dashed curve in the [Nii]λ6584/Hα diagram represents the demarcation between SF galaxies (below and to the left of the curve) and AGNs defined by Kauffmann et al. (2003). it is the first time that In active SF regions, stellar winds from massive stars and/or supernovae remnants will likely produce shock-waves. As for IZw18, the complex geometry of its ionized gas argue in favor of a contribution due to shocks (e.g. Open circles represent individual spaxels; blue, red and green circles indicate the individual spaxels used to create the 1D spectra of the NW knot, SE knot, and plume, respectively. Squares indicate the values measured from the 1D integrated spectra with the same colour-code as used for the individual spaxels. The cyan triangle shows the value measured from the IZw18 integrated spectrum (see Section 7 and Table 3 for details on the 1D-spectra extracted for selected galaxy regions). Fig. 7) . Besides, the BPT diagrams in Fig. 5 indicate that shocks do not play an important role in the gas excitation (see Section 4). So the enhanced [Oiii] temperatures derived are expected to be associated primarily with photoionization from hot massive stars, and any possible contribution to the T e [Oiii] errors due to shocks should be negligible.
12+log(O/H)
It is well known that in the process of flux measurement of very faint emission lines, like [Oiii]λ4363, a bias (e.g. continuum fitting) is expected to overestimate line intensities (e.g., Rola & Pelat 1994; For the low-excitation zone, no auroral line (e.g., [Oii]λ7320,7330; [Nii]λ5755) could be measured in any spaxel. In our case, the values of T e [Oii] were calculated from the empirical relation between [Oii] and [Oiii] electron temperatures given by Pilyugin, Vílchez, & Thuan (2006) . This relation has been successfully used to calculate T e [Oii] in other HII galaxies (e.g., Kehrig et al. 2008; Cairós et al. 2009a Cairós et al. , 2010 As mentioned above, we see differences of up to ∼ 10,000 K among our T e [Oiii] measurements (see Fig. 7 ). At first, one can think that such change in T e [Oiii] might be mainly the result of differences in the metallicity across IZw18. However, although some degree of O/H variations are observed when considering individual spaxels (see Fig. 8 ), we find that such variations are not statistically significant, and that the ionized gas of IZw18 is chemically homogeneous over spatial scales of hundreds of parsecs (see Section 6 for details). This points out that the observed difference in T e [Oiii] should be mostly due to changes in the ionizing radiation field. Actually, close inspection of Kehrig et al. (2015) report the presence of an extended emission in the high-excitation Heiiλ4686 line which is spatially associated with the NW cluster. These authors claim that peculiar very hot, (nearly) metal-free ionizing stars are needed to account for the total Heii-ionization budget in IZw18. Moreover, we note here that more than 70% of the spaxels with T e [Oiii] 22,000 K are HeII-emitting spaxels too. These facts reinforce the existence of a harder ionizing radiation field at the location of the NW SF knot and thereabouts.
ANALYSIS OF THE SPATIAL VARIATION OF PHYSICAL CONDITIONS AND CHEMICAL ABUNDANCES
Here, we make use of a statistical analysis to study the spatial variation of properties of the ionized gas across our FOV. We assume that a certain physical-chemical property is homogeneous over IZw18 if two conditions are satisfied: for the corresponding dataset (i) the null hypothesis (i.e. the data come from a normally distributed population) of the Lilliefors test (Lilliefors 1967) cannot be rejected at the 10% significance level, and (ii) the observed variations of the data distribution around the single mean value can be explained by random errors; i.e. the corresponding Gaussian sigma (σ Gaussian ) should be lower or of the order of the typical uncertainty of the property considered; we take as typical uncertainty the square root of the weighted sample variance (σ weighted ). Previous work has successfully applied this method to the analysis of abundances and physical conditions in HII galaxies (see Pérez-Montero et al. 2011; Kehrig et al. 2013; Pérez-Montero et al. 2013) . , and that, at first order, random variables alone could not explain the distribution observed of these two ISM properties. This result gives support to the existence of an electron temperature gradient in IZw18 as suggested by Izotov & Thuan (1999) from their long-slit spectroscopic analysis of the NW and SE components (see also Vílchez & Iglesias-Páramo 1998) .
Regarding the O/H spatial distribution, the two conditions for a given property to be considered homogeneous, as mentioned above, are accomplished: the derived values of O/H are fitted by a normal distribution according to the Lilliefors test, and the corresponding σ Gaussian is of the order of σ weighted . Our results, therefore, show that the ionized gas-phase O/H remains mostly uniform over spatial scales of hundreds of parsecs. This confirms that there is no significant abundance gradient nor measurable discontinuity in IZw18, as it has been suggested in previous work (Vílchez & Iglesias-Páramo 1998; Legrand et al. 2000) . Here, we assume that the representative metallicity of IZw18 is 12+log(O/H) = 7.11 ± 0.01 (∼ 1/40 of the solar metallicity) which represents the derived error-weighted mean value of O/H and its corresponding statistical error from all the individual spaxel O/H abundances obtained using the direct method with electron temperature measurement (for this O/H distribution, the square root of the weighted sample variance associated is 0.12 dex; see Table 2 ). The observed absence of significant metallicity difference among the areas near the two main SF knots and the gas located farther out impose strong constrains for the mechanisms that triggered star-formation and also for the chemical evolution history of IZw18. The HII regions in IZw18 should have evolved along a similar enrichment scenario over the whole scale of the galaxy in order to produce the observed chemically homogeneous ISM (e.g., Kunth, Matteucci, & Marconi 1995; Roy & Kunth 1995; Vílchez & Iglesias-Páramo 1998) .
Following the same statistical analysis, the behaviour of the R 23 distribution is observed to be similar to that of the oxygen abundance, i.e., the R 23 parameter seems to be very uniform across IZw18, thus being insensitive to possible effects from changes in the hardness of the ionizing radiation and the ionization parameter (as traced by [Oiii]/[Oii] ). This result indicates that R 23 can be considered as a good metallicity indicator in metal-poor SF galaxies (see e.g., Pagel et al. 1979; Vilchez 1995; Pilyugin 2000; James et al. 2016) . Indeed, the constant metallicity derived over the entire scale of IZw18, despite the non-homogeneous distribution in the degree of ionization observed, clearly shows its independence from the ionization parameter (see also Section 4).
PROPERTIES OF SELECTED REGIONS OF IZW18 FROM INTEGRATED SPECTRA
We also take advantage of our IFU data to simulate the 1D spectra of selected galaxy regions. The representative spectra of the NW and SE knots, and of the "plume" region were constructed by adding the flux in the spaxels within each of the corresponding areas whose boundaries are displayed on the Hα map in Fig. 2 . For both the NW and SE knots, the area of their aperture extraction is of 3 arcsec × 3 arcsec; the "plume"-integrated region corresponds to an area of ∼ 12 arcsec 2 . In addition, we have created a 1D spectrum representative of the gaseous ionized "halo" of IZw18. To do so we have integrated the flux in all the spaxels for which the Hα flux measurements present a relative error 20%; thus exclusively the emission of the fainter ionized gas ("halo") has been integrated in the halo spectrum. We also obtained, for the first time, the IZw18 integrated spectrum by summing the emission from each spaxel within an area of ∼ 168 arcsec 2 (∼ 1.3 kpc 2 at the distance of 18.2 Mpc), enclosing basically all the nebular emission across our FOV. Considering IZw18 as an excellent local analog of primeval systems, the analysis of its integrated properties may be important for the study of intermediate/high redshift SF galaxies for which only their integrated characteristics are known due to their distance (e.g., Kewley et al. 2013; Nakajima et al. 2013) . Fig. 10 presents the 1D spectra for the aforementioned regions of IZw18. The emission-line fluxes and c(Hβ) corresponding to each summed spectra were measured following the same procedure as in Section 3. For the integrated spectra, we derived the physical conditions and oxygen abundances as described in Section 5 for individual spaxels. The nitrogen ionic abundance ratio, N + /H + , was calculated from the PYNEB-based expression given by Pérez-Montero (2014) Table 3 ). This result is consistent with the presence of a harder ionizing radiation field near the northwestern area of IZw18, as discussed in Section 5.
The T e [Oiii] and O/H derived for the NW and SE components are consistent, within the errors, with those obtained by Izotov & Thuan (1999) through long-slit spectroscopy along the NW-SE knots. In comparison with the values of 12 + log(O/H) from and Vílchez & Iglesias-Páramo (1998) , our oxygen abundances ([Oiii] electron temperatures) are somewhat lower (higher) than theirs. The discrepancy between our values and those previously obtained based on long-slit spectroscopy may be due to their spectra covering partially different regions due to slit position and orientation. Table 4 summarizes, for both the NW and SE knots, the T e [Oiii] and O/H measurements derived here and those formerly reported in the references mentioned above.
By comparing the different electron temperature values from Table 3 , we find that the NW knot shows a relatively higher temperature, in agreement with the observed spatial distribution of T e [Oiii] (see Section 5). Regarding the oxygen abundances, the SE knot, "plume" and IZw18-integrated spectra give equivalent values considering the corresponding error bars; the NW knot presents a barely lower O/H. Remarkably, however, we note that 12+log(O/H) derived from all selected region spectra agree with each other within ∼ 0.10 dex which is of the order of σ weighted (see Tables 2  and 3 ). This means that the integrated-spectrum metallicty [12+log (O/H)=7.10 ± 0.03] is consistent with the O/H from the other se- lected regions (which cover smaller areas) and with the representative metallicity of IZw18 based on spaxel-by-spaxel measurements as defined previously in Section 6. Thus, our IFS study shows that O/H of IZw18 does not depend on the aperture size used and that the IZw18 integrated spectrum can reliably represent the metallicity of its ionized ISM. With respect to the nitrogen abundance, we find that all the selected regions of IZw18 present similar N/O ratios within the uncertainties (see Table 3 ). The N/O values computed here match the characteristic N/O [-log(N/O) ∼ 1.5-1.6] observed for lowmetallicity systems which form the well-known N/O plateau (e.g., Izotov & Thuan 1999; Mollá et al. 2006; Pérez-Montero et al. 2011) . Additionaly, we checked that the N/O ratios for the NW and SE knots agree with those reported in previous studies (e.g., Vílchez & Iglesias-Páramo 1998; Izotov & Thuan 1999) 
SUMMARY AND CONCLUSIONS
We have analysed PMAS-IFU integral field spectroscopy of IZw18, an extremely low metallicity galaxy, which is our best local laboratory for probing the conditions dominating in distant metal-poor starbursts. These data map the entire spatial extent of the IZw18 main body plus an important region of the extended ionized gas, providing us with a new 2D view of the ionized ISM in IZw18. Maps for the spatial distribution of relevant emission lines and of physical-chemical properties for the ionized gas have been created and analysed. We believe that our observations provide a useful test-bench for realistic photoionization models at the lowest metallicity regime.
Our spaxel-by-spaxel analysis indicates that despite the observed large range of values (∼ 0.0 to 0.9 dex) for the log [Oiii]/[Oii] ratio (widely used as an ionization parameter indicator), the metallicity index R 23 remains substantially uniform; no dependence between R 23 and the ionization parameter is seen in IZw18. The BPT diagrams, [Nii] λ6584/Hα, [Sii]λ6717,6731/Hα, and [Oi]λ6300/Hα, for the spatially resolved emission lines, indicates that photoionization by massive stars is the dominant excitation source for the gas within our FOV. We have detected a very faint blue bump of WR stars towards the NW knot. Regions with higher excitation and harder ionizing radiation are preferentially located towards the NW zone of IZw18 where we find the largest values of T e [Oiii] too. Also, the NW component is spatially related to an extended Heiiλ4686-emitting region that has been proposed to indicate the presence of peculiar very hot, ionizing stars which may be (nearly) metal-free (see Kehrig et al. 2015 ).
Our statistical analysis shows an important degree of nonhomogeneity for the T e [Oiii] distribution and that the scatter in T e [Oiii] can be larger than that in O/H within the observed [Oiii]λ4363-emitting region (42 arcsec 2 ∼ 0.3 kpc 2 at the distance of 18.2 Mpc). We find no statistically significant variations in O/H across the 16" × 16" PMAS-IFU aperture, indicating a global homogeneity of the oxygen abundances in IZw18 over spatial scales of hundreds of parsecs. The representative metallicity of IZw18 derived here, from individual spaxel measurements, is 12 + log(O /H) =7.11 ± 0.01 (error-weighted mean value of O/H and its corresponding statistical error). The prevalence of a substantial degree of homogeneity in O/H over the IZw18 galaxy can constrain its chemical history, suggesting an overall enrichment phase previous to the current burst.
We took advantage of our IFU data to create 1D integrated spectra for regions of interest in the galaxy. For the first time, we derive the IZw18 integrated spectrum by summing the spaxels over the whole FOV. Physical-chemical properties of the ionized gas were derived from these selected region spectra. In the three BPT diagrams, all the integrated regions fall within the area corrresponding to HII-like ionization. Putting together the spatially resolved measurements and integrated ones of O/H, we find that the IZw18 integrated spectrum-O/H concurs with the representative metallicity of IZw18 defined here, and can be taken to describe the abundance of the ionized gas of IZw18 as a whole. We also show that the derivation of O/H does not depend on the aperture size used. This is a relevant result for studies of high-z SF metal-poor objects for which only the integrated spectra are available. 19200 ± 500 16700 ± 500 16400 ± 400
